We present the observational evidence of a pseudo-disc around the proto-brown dwarf Mayrit 1701117, the driving source of the large-scale HH 1165 jet. Our analysis is based on ALMA 12 CO (2-1) line and 1.37 mm continuum observations at an angular resolution of ∼0.4 . The pseudo-disc is a bright feature in the CO position-velocity diagram (PVD), elongated in a direction perpendicular to the jet axis, with a total (gas+dust) mass of ∼0.02 M , size of 165-192 AU, and a velocity spread of ±2 km s −1 . The large velocity gradient is a combination of infalling and rotational motions, indicating a contribution from a pseudo-disc and an unresolved inner Keplerian disc. There is weak emission detected in the H 2 CO (3-2) and N 2 D + (3-2) lines. H 2 CO emission likely probes the inner Keplerian disc where CO is expected to be frozen, while N 2 D + possibly originates from an enhanced clump at the outer edge of the pseudo-disc. We have considered various models (core collapse, disc fragmentation, circum-binary disc) that can fit both the observed CO spectrum and the position-velocity offsets. The observed morphology, velocity structure, and the physical dimensions of the pseudodisc are consistent with the predictions from the core collapse simulations for brown dwarf formation. From the best model fit, we can constrain the age of the proto-brown dwarf system to be ∼30,000-40,000 yr. A comparison of the H 2 column density derived from the CO line and 1.37 mm continuum emission indicates that only about 2% of the CO is depleted from the gas phase.
INTRODUCTION
Low-mass stars and brown dwarfs may form similarly to their Solar-type counterparts from the collapse of a low-mass molecular cloud core (core collapse) or by disc fragmentation, due to gravitational instabilities, followed by ejection (e.g., Whitworth et al. 2007) . Core collapse models of lowmass star formation predict the formation of a flattened "pseudo-disc" with spatial extents of a few thousand AU and a symmetry axis parallel to the core magnetic field (e.g., Tomisaka 1998; Mellon & Li 2009; Machida et al. 2011) . The pseudo-disc can be described as an infalling envelope with a flattened, disc-like structure, caused by the magnetic field or Lorentz force that changes the geometry of the collapsing cloud. Although the term 'pseudo' implies that the infalling envelope material is not supported by the rotation against E-mail: briaz@usm.lmu.de gravity, the pseudo-disc is still rotating and slowly contracts with rotation. The inner Keplerian disc is embedded in the optically thick region of the pseudo-disc, and the gas in the pseudo-disc infalls onto the Keplerian disc with rotation. Previous interferometric molecular line observations have revealed an infalling motion entangled with weak signatures of rotational motion in such flattened pseudo-discs around Class 0/I protostars (e.g., Yen et al. 2011; Davidson et al. 2011; Takakuwa et al. 2012) . Brown dwarf formation via gravitational core collapse has been theoretically explored in the magneto-hydro-dynamic simulations by Machida et al. (2009) , and predicts the formation of a pseudo-disc with a scaled-down spatial extent that is ten times smaller than predicted in low-mass star formation. However, the existence of pseudo-discs around proto-brown dwarfs has not been observationally verified to date.
Here, we report the first evidence of a pseudo-disc in the proto-brown dwarf Mayrit 1701117 (M1701117), located in the vicinity of the σ Orionis cluster (410±60 pc; Gaia DR2; Gaia Collaboration 2018). M1701117 is the driving source of the HH 1165 jet, which is the largest scale Herbig-Haro jet identified to date that is driven by a sub-stellar object (Riaz et al. 2017) . We have conducted a high-sensitivity continuum and spectral line survey across the full length of the HH 1165 jet using the Atacama Large Millimeter/submillimeter Array (ALMA) interferometer, with an aim to study the infall and disc kinematics of the driving source, and to investigate molecular outflow activity and the chemistry of the various shock emission knots in the jet. To interpret the observations, we have conducted line modelling using simulations of brown dwarf formation via gravitational core collapse, and the alternative formation mechanism via disc fragmentation followed by ejection. If there are two different formation mechanisms of brown dwarfs (core collapse and ejection), the formation time scale is expected to be different between them. In such a case, we may observe differences in the molecular abundances because it is expected that the thermal and chemical evolution differ between proto-brown dwarfs formed from different formation mechanisms.
The ALMA observations are presented in Sect. 2, and the analysis of line and continuum data is described in Sect. 3. A comparison of the observations with the core collapse and disc fragmentation models for brown dwarf formation is presented in Sect. 4 and Sect. 5.
OBSERVATIONS
Observations with ALMA were carried out in May, 2016 (PID: 2016 PI: Riaz) . We obtained molecular line and continuum observations in Band 6 (211-275 GHz) at six positions along the HH 1165 jet, one centered on the driving source M1701117, four on the brightest knots in north-west (NW1, NW5, NW7, and NW8), and one on the shocked knot in the south-east SE1 (Fig. 1) . The primary beam of the ALMA 12m dishes covers a field of ∼22 in diameter around each of the six pointings, and thus covered additional shocked regions within the field of view. Our chosen configuration was a maximum recoverable scale of ∼4 , and an angular resolution of ∼0.4 . The spectral setup included the 12 CO, SiO, H 2 CO, SO 2 , H 2 S, HC 3 N, OCS, C 18 O, CH 3 OH, 13 CS, N 2 D + lines. The bandwidth was set to 117.18 MHz, which provides a resolution of 244.14 kHz, or a smoothed resolution of ∼0.3 km s −1 at 230.5 GHz. In addition to these basebands, one baseband was used for continuum observations where the spectral resolution was set to 976 kHz and the total bandwidth was 1875 MHz. We employed the calibrated data delivered by the EU-ARC. Data analysis was performed on the uniform-weighted synthesized images using the CASA software.
There is emission detected in the 1.37 mm continuum and the 12 CO (2-1), para-H 2 CO 3(0,3)-2(0,2), N 2 D + (3-2), and C 18 O (2-1) lines for the driving source M1701117. The brightest detection (∼8-9 σ) is in the CO line, with a 1-σ rms sensitivity of ∼3-4 mJy (∼0.3 K), while the remaining lines show a weak detection (∼2-3 σ), with a 1-σ rms sensitivity of ∼5-6 mJy (∼0.5 K). The 1-σ rms in the 1.37 mm continuum image is 0.8 mJy. No continuum or line emission is detected at a ≥2-σ level for any of the shocked regions. Figure 1 shows the full map covering the six positions in the 1.37 mm continuum and the 12 CO (2-1) line. Figure 2 shows the 1.37 mm dust continuum image for M1701117. The source is resolved in the continuum and shows a slightly elongated morphology along the northeast to south-west direction. We have used the CASA tasks uvmodelfit and imfit to measure the source size, peak position and the continuum flux by fitting one or more elliptical Gaussian components on the image. The peak position of the source is RA (J2000) = 05:40:25.80; Dec (J2000) = -02:48:55.49, with a position uncertainty of ±0.0068 . The source size has a FWHM of 0.53 along the major axis and 0.45 along the minor axis, with a position angle (PA) of 55.0 • ±5.6 • . The uncertainty on the FWHM is 0.02 . The integrated flux is 6.94±0.41 mJy. The peak flux at the source position is 6.30±0.22 mJy beam −1 . Note that the peak flux position is not at (RA, Dec) offset of (0,0) but at (-0.08 , 0.38 ) (Fig. 2) . The offset is likely due to the ∼0.1 difference in the M1701117 position between the optical and millimeter observations, as well as the beam convolution effect.
DATA ANALYSIS AND RESULTS

Continuum Map
Assuming that the dust emission at 1.37 mm is optically thin, the dust continuum mass can be calculated from the millimeter flux density as
where F ν is the flux density at 1.37 mm, d is the distance to the source, B ν is the Planck function at the dust temperature T dust , and κ 1.37mm is the dust opacity at 1.37 mm. Assuming that the frequency dependence of the dust mass opacity is κ ν = 0.1 × ν 10 12 Beckwith et al. 1990) , the dust opacity at 1.37 mm (218.116 GHz) is 0.0218 cm 2 g −1 for β = 1.0 or for optically thin emission. The kinetic temperature is expected to be relatively low (∼10 K) throughout the outer and inner envelope layers in proto-brown dwarfs (Machida et al. 2009 ). Assuming the dust and gas temperature of 10 K, M dust = 0.21±0.1 M Jup . For a gas to dust mass ratio of 100, the total (dust+gas) mass M d+g = 20.98 ± 1.24 M Jup for M1701117. For a higher T dust = 20 K, the total mass is M d+g = 8 M Jup , assuming the same β = 1 and gas to dust mass ratio of 100. The uncertainties in independently measuring the gas mass and then derive the gas to dust mass ratio are discussed in Sect. 5. The M d+g derived from ALMA observations with standard parameter sets is a factor of ∼2 lower than the (dust+gas) mass of ∼36 M Jup derived from the single-dish SCUBA-2 850µm continuum flux (Riaz et al. 2015) . The difference can be explained by the M1701117 source size of ∼0.7 (∼270 AU) as measured from the ALMA 1.37mm continuum image, which is ∼20 times smaller than the ∼14.5 beam size of the SCUBA-2 bolocam. The much larger beam size can result in severe contamination from the surrounding medium and enhance the observed emission. Figure 3 shows an overplot of the 1.37 mm continuum map for M1701117 and the optical [SII]λ6731 image of the HH 1165 jet. The [SII] contours are plotted for the location of the driving source and the closest shock emission knot NW1 (Fig. 1) . The red solid line in Fig. 3 is along the 1.37 mm continuum PA of 55 • . Interestingly, this PA is nearly perpendicular to the HH 1165 jet axis (PA = 320 • ±4 • ; black line in Fig. 3 ). We therefore term the 1.37mm continuum PA (55 • ) as the "disc axis" and the HH 1165 PA (320 • ) as the "jet axis". As discussed in Sect. 3.2, it is also along the disc axis that a velocity gradient is seen in the CO line maps. RA offset [arcsec] [SII]λ6731Å
1.37mm Figure 3 . The 1.37 mm continuum map for M1701117 (red contours) overplotted on the optical [SII]λ6731 image of the HH 1165 jet (black contours). Red line is along the disc axis (PA = 55 • ). Black line is along the jet axis (PA = 320 • ). The contours represent the signal-to-noise levels from 2-σ to 10-σ in steps of 2-σ. The 1-σ rms is 0.8 mJy in the 1.37 mm continuum map and 3×10 −16 ergs s −1 cm −2 in the [SII]λ6731 map. The xy-axes show the position offset relative to the 1.37mm continuum position of M1701117 (marked by a black cross). North is up, east is to the left. Figure 4 shows the CO emission observed in different velocity channel maps. The observed emission in all of the channels has a spatial extent of ∼0.4 -0.6 , and it is either marginally resolved or unresolved in the beam size of ∼0.4 . The position offset in the channel maps is relative to the position of the source (marked by a cross) as measured from the continuum map. The peak in the CO emission shifts with increasing velocity from the south-west passing through the source position at (0,0) towards the north-east. The emis-sion at or close to the source location is seen at velocities of ∼11.8-12.5 km s −1 . The emission is also compact when it peaks at or close to source location, while it is more extended away from the source at velocities of ≤11 km s −1 and ≥13 km s −1 . It is noted that the peak emission shows a range in RA offset between approximately -0.5 to +0.5 , while the offset in Dec is nearly constant at approximately +0.5 . The channel maps thus show a velocity gradient along the northeast to south-west direction at a PA of about 45 • , which is approximately along the disc axis. Figure 5 shows the moment maps in the 12 CO (2-1) line for M1701117. The moment 0 map shows the integrated CO emission elongated along a PA of ∼45 • (red dashed line in Fig. 5a ), which is slightly offset by ∼10 • from the disc axis measured in the continuum map (Fig. 5b) . The moment 1 map shows that the velocity gradient is along the disc axis (Fig. 5c ), centered at a velocity of ∼12.5 km s −1 , and the red-shifted lobe is towards the north-east of the source. We can therefore consider the disc axis with a PA of 55.0 • ±5.6 • as the major axis along the velocity gradient, and a source V LSR ∼ 12.5±0.5 km s −1 for M1701117. As noted, it is also in the velocity channels of 12.5±0.7 km s −1 that the peak in the observed CO emission is seen close to the source position (Fig. 4) . The moment 2 map shows an increase in the velocity dispersion towards the central proto-brown dwarf and emphasizes the faint high velocity emission near the central position, which is expected for Keplerian motion. It also shows a slight velocity dispersion along the jet direction towards the north-west, suggesting that there may also be some unresolved jet emission in the CO line.
CO line Channel and Moment Maps
Position-Velocity Diagrams
12 CO line
The morphology of the observed line emission can be visualized more clearly in the image-space position-velocity diagram (PVD). Figure 6 shows the CO line PVDs created by making a cut along the disc axis (left panel) and the jet axis (right panel). For the disc PVD, the cut was made from the north-east to the south-west direction. For the jet PVD, the cut was made from the north-west to the south-east direction, which implies that the brighter red-shifted lobe is towards the north-west of the driving source (Fig. 1) . The peak emission along the disc axis is seen at a (position, velocity) of (+0.26 , +1.7 km s −1 ) and (-0.24 , -1.9 km s −1 ). The peak emission along the jet axis is seen at a (position, velocity) of (-0.037 , +1.5 km s −1 ) and (+0.034 , -1.9 km s −1 ). The uncertainty in the (position, velocity) measurement is ±0.05 and ±0.15 km s −1 .
The disc PVD shows a Keplerian like structure, with a spatial distance between the two emission peaks of ∼0.5 , about the same as the angular resolution of the observations. The jet PVD shows a compact (unresolved) CO molecular outflow, with peak emission originating from close to the central source and a spatial extent of <0.4 (<155 AU). Interestingly, the CO jet PVD does not show any extended emission reaching up to the maximum recoverable scale of ∼4 ; the molecular outflow is quite compact, unlike the much extended (∼0.26 pc) atomic jet. Likewise, the disc PVD also does not show emission much extended beyond ∼0.5 , indicating that there is no extended infalling envelope in the outer part of the system. A comparison of the disc and jet PVDs (Fig. 6) suggests that the disc emission seen at very low velocities close to the source V LSR must have some contamination from the molecular outflow, possibly originating from the boundary layers between the inner regions of the envelope/disc and the jet/outflow. This was also noted in the moment 2 map where an increasing velocity dispersion is seen along the jet direction towards the north-west (Fig. 5d) .
A clear difference is seen in the structure of the redand blue-shifted lobes along both axes. In the disc PVD, the red-shifted NE lobe appears flattened and elongated along the spatial direction, whereas the blue-shifted SW lobe shows elongation along the velocity scale. A similar elongation is seen in the blue-shifted SE lobe in the jet PVD (Fig. 6) . The elongation seen in the blue-shifted lobe could be due to an interaction of the outflow wind with the inner envelope/pseudo-disc regions. The optical spectra for M1701117 show emission in the K I λλ7665,7699 doublet and the ∼7300Å [OII] line (Riaz et al. 2017) , which are known to be kinematically associated with a high-velocity outflow wind (e.g., Hillenbrand et al. 2012) . The M170117 system is viewed at a close to edge-on inclination of ∼60 • -70 • (Sect. 4.2); inclination effects could be responsible for seeing the wind effects in just one lobe. There is also a brightness asymmetry in the CO line PVDs, with the northern red-shifted lobe being brighter than the southern lobe along both disc and jet axes. The asymmetry in morphology and brightness is similar to the one seen in the optical HH 1165 jet (Sect. 5). 7, 8, and 9 show the PVDs in the C 18 O (2-1), H 2 CO (3-2), and N 2 D + (3-2) lines. Note that these are weak line detections with peak intensities a factor of ∼2 lower than CO. C 18 O and H 2 CO emission is detected along both disc and jet axes, while N 2 D + shows a weak detection only along the disc axis. C 18 O disc PVD shows peak emission close to the driving source at the (position, velocity) offset of (-0.08 , +0.5 km s −1 ) and (0.06 , -4.1 km s −1 ), while the jet PVD shows peaks at the same velocity offset but shifted towards the south-east at an offset position of -0.2 . The C 18 O brightness is similar in the blue-and red-shifted lobes in both the disc and jet PVDs (Fig. 7) . C 18 O emission is unassociated with the disc or jet emission in CO, as noted by the different position and velocity offsets, and the emission likely arises from the surrounding cloud material.
H 2 CO emission is seen close to the driving source, with a spatial extent of <0.2 (Fig. 8) . The peak H 2 CO emission along the disc axis is at a (position, velocity) of (0 , -3 km s −1 ), and along the jet axis at (0 , +2 km s −1 ) and (-0.02 , -3 km s −1 ). The blue-shifted emission in the jet PVD is brighter than the red-shifted lobe. The position and velocity offsets in H 2 CO along the disc axis are different than observed in CO; the H 2 CO emission arises from close to the central protobrown dwarf and at a comparatively larger velocity offset than in CO. An exception is the H 2 CO jet PVD where the red-shifted peak coincides with the red-shifted lobe in CO (Figs. 8; 6) , indicating an association of the H 2 CO emission with the CO outflow.
The N 2 D + disc PVD shows a single peak at a (position, velocity) of (-0.36 , -2.9 km s −1 ) (Fig. 9 ). Both N 2 D + and H 2 CO emission show a similar velocity offset along the disc axis. A comparison with the blue-shifted lobe in the CO disc PVD (Figs. 9; 6) shows a similar position but a comparatively larger velocity offset than in CO. N 2 D + emission is more compact compared to the extended blue-shifted lobe in CO, and the peak intensity in N 2 D + is a factor of ∼2.6 lower than CO. The possible reasons for only detecting the blue-shifted emission in N 2 D + and H 2 CO are discussed in Sect. 5.
COMPARISON WITH MODELS
Source Properties
We revisit the total (star + circumstellar) mass estimate for the M1701117 system, and the likelihood of it evolving into a brown dwarf. From ALMA continuum observations, the total (dust+gas) mass arising from the circumstellar material in the M1701117 system is 20.98±1.24 M Jup . To estimate the intrinsic stellar mass for M1701117, we have used the infrared photometry for this object and the evolutionary models by Baraffe et al. (2003) . The J-band, in particular, is considered to be least affected by the potential effects of veiling at bluer wavelengths, and circumstellar disc emission further into the infrared (e.g., Hartigan et al. 1995; White & Hillenbrand 2004; Cieza et al. 2005) . Figure 10 shows the UKIDSS (J − K, J) colour-magnitude diagram (cmd). The filled circles represent known members from previous studies in the σ Orionis cluster (Bejar et al. 1999 (Bejar et al. , 2001 Caballero et al. 2007; Caballero 2008; Zapatero Osorio et al. 2000) . The cluster suffers from negligible reddening (A V ≤1 mag; Béjar et al. 1999 ) and the photometric data has been corrected for the interstellar reddening. M1701117 appears much redder than the main cluster member sequence, which is due to the large K-band excess emission from the circumstellar material. We have over plotted in Fig. 10 Myr isochrones from the Baraffe et al. (2003) models. The isochrones at ages of <1 Myr are not provided in these models. The mass scale shown on the right hand side in Fig. 10 is from the 1 Myr model isochrone at a distance of 410 pc for the cluster. Assuming an age of 1 Myr, we can estimate a stellar mass of ∼40 M Jup and a stellar luminosity of 0.012 L for M1701117. The location of M1701117 to the red of the 1 Myr isochrone in the cmd indicates an age younger than 1 Myr. The typical age of the embedded phase or the age of the protostar formation is considered to be ∼0.01-0.05 Myr, based on the statistics of embedded-to-Class II sources (e.g., Evans et al. 2009 ). On the other hand, the embedded phase may be shorter for very low mass protostars and brown dwarfs, as indicated by numerical simulations. The estimates on the stellar mass and luminosity for M1701117 will be lower if the object is younger than 1 Myr. Figure 11 shows the spectral energy distribution (SED) for M1701117 that now includes the new ALMA 1.37 mm data point. We refer to Riaz et al. (2015) for a detailed discussion on the continuum radiative transfer modeling and the related degeneracies in the model fit. The bolometric luminosity (L bol ) of the system, as obtained by integrating over the observed SED from optical to millimeter wavelengths, is 0.09±0.03 L . The Herschel PACS points are upper limits and suggest that the integrated intensity and thus the bolometric luminosity may be over-estimated. The 2-22µm slope of the SED for M1701117 is 0.67±0.02, higher than the threshold of 0.3 considered between Class 0/I and Class II objects. We can further use the "Stage" classification scheme to determine if this is a Class 0 or Class I object. In this scheme, Stage 0 objects have M disc /M env << 1 and M cir cum /M st ar ∼ 1 (M cir cum = M disc + M env ), while Stage I objects have 0.1 < M disc /M env < 2 and M cir cum < M st ar (Whitney et al. 2003; Robitaille et al. 2006) . It is difficult to distinguish between the masses of the individual components. For M1701117, the mass of the pseudo-disc, M cir cum , is ∼0.02 M , which implies M cir cum /M st ar ∼0.5. In Riaz et al. (2015) , we estimated the ratio M disc /M env ∼0.002 from Figure 6 . The PV diagram in the CO line emission for a cut along the disc axis (left) and the jet axis (right). The velocity offset is with respect to the source V L S R of 12.5 km s −1 . The colour bar shows the flux scale in units of Jy beam −1 . The contours represent the signal-to-noise levels from 2-σ to 10-σ in steps of 2-σ. The 1-σ rms is 11 mJy in the disc PVD and 14 mJy in the jet PVD. The red-shifted lobe is located towards the north-east of the source.
CO Disk
CO Jet
the best model fit to the SED. These ratios place M1701117 intermediate between Stage 0 and Stage I.
The spectral slope of the SED from 850 µm to 1.37 mm, α, is related to the slope, β, of the opacity law, κ ∝ ν β , as α ≈ β + 2 in the Rayleigh-Jeans limit (e.g., Beckwith & Sargent 1991) . The spectral slope α for M1701117 is 2.1, which is consistent with the mean value of 2.4 measured for lowmass Class 0/I protostars (e.g., Joergensen et al. 2007 ). The optically thin envelope emission would have a spectral slope of 3.5-4 for typical dust opacities (e.g., Joergensen et al. 2007 ). Thus α ∼2 for M1701117 suggests that the compact continuum emission is marginally optically thick, and has an origin both in the inner Keplerian disc and the circumstellar envelope at the very shortest baselines. The typical value of β for dust in the optically thin interstellar medium is ∼1.7 (e.g., Lin et al. 2016) , while grain growth up to millimeter sizes will result in β <1 (e.g., Draine 2006 ). An α of 2.1 for M1701117 implies β ∼0.1, indicating that significant grain growth has already occurred in the young pseudo-disc in this proto-brown dwarf. As a comparison, low-mass Class 0/I protostars show a wide range in β between 0.3 and 2.0 (e.g., Li et al. 2017; Joergensen et al. 2007 ), while in the more evolved T Tauri and Herbig Ae/Be discs, the values of β are in the range of 0.5-1.0 (e.g., Lommen et al. 2007; Andrews & Williams 2005) . Therefore, a range of grain growth levels is observed at any given stage with no evidence of a significant build up of discs from the Class 0 to the T Tauri stage. On the other hand, the very small observed values of β may be interpreted by the presence of deeply embedded and hot inner discs, which only significantly contribute to the observed fluxes at long wavelength bands.
From the analysis above, a stellar mass of ∼0.04 M and a circumstellar mass of ∼0.02 M results in a total mass of ∼0.06 M for the M1701117 system in the present epoch, which is below the sub-stellar limit (∼0.075-0.08 M ; Baraffe et al. 2003) . Considering that this is a Stage 0/I object still accreting from its circumstellar material, this is the present but not the final mass estimate. The fact that we see signatures of an infalling pseudo-disc (Sect. 4.2.1) and that the total mass of the circumstellar material is very low indicates that we are looking at the late accretion phase of star formation when the infalling material begins to dissipate. Being the driving source of HH 1165, ∼30-80% of the infalling material in M1701117 is expected to be expelled by the jet (Machida et al. 2009) . A comparison of the observed velocity spread with various models (Sect. 4.2.1) also suggests this system to be more evolved than the dynamical age of the jet (∼2900 yr; Riaz et al. 2017 ). This object is located in an irradiated environment (Riaz et al. 2017) , which could further expedite the dissipation of the circumstellar material. Considering these scenarios, M1701117 is likely to reach a final mass below the sub-stellar limit and become a brown dwarf.
CO Line Modeling
Since the brightest emission is seen in CO, this line is used for further study of the infall and rotational kinematics. Figure 12 shows the observed CO spectrum for M1701117 collapsed over all velocity channels. The double-peaked line profile with red-dominated asymmetry is reminiscent of Keplerian rotation as typically observed in disc sources. The line profile is mirrored at roughly about the source V LSR ∼ 12.5±0.5 km s −1 . The CO line profile also shows broad, extended wings that are indicative of a contribution from a molecular outflow.
In order to interpret the observed morphology, we have used a coupled physical and chemical 3D radiative transfer model that can simultaneously provide a good fit to the CO spectrum, the velocity spread of ±2 km s −1 , and the spatial spread of ±77-96 AU, as seen in the CO disc PVD. We have employed various physical models with different structures, as discussed in Sect. 4.2.1, 4.2.2, and 4.2.3. The physical structure, i.e., the density, temperature, and velocity radial profiles for a given model is used as an input to the 3D non-LTE radiative transfer code MOLLIE (Keto et al. 2004 ). We generate synthetic CO spectra for different radial profiles of the molecular abundance. The synthetic CO line profiles are convolved by the ALMA 0.4 beam size and compared with the observed CO spectrum for M1701117. A reasonable fit to the strength and width of the observed profile is reached from varying the abundance profile and the line width. For each synthetic spectrum, a reduced-χ 2 value is computed to determine the goodness of fit. From the best line model fit (lowest reduced-χ 2 value) to the observed CO profile, we produced a PVD for a cut along the disc axis (55 • ), and compared the position and velocity offsets in the model and observed PVDs.
Core Collapse Model
We consider the physical structure from the core collapse model (hereafter; CC model) of brown dwarf formation presented in Machida et al. (2009) . These are 3D magnetohydro-dynamic (MHD) simulations of brown dwarf formation via gravitational collapse of a very low-mass core. The initial setup of the model, the numerical method and numerical settings are the same as those described in Machida et al. (2008; 2014) . Using a 3D resistive MHD nested grid code and a barotropic equation of state, the evolution of the cloud is calculated from the pre-stellar cloud core stage until about 0.1 Myr after the proto-brown dwarf formation, in which about eight orders of magnitude of spatial scale (5 × 10 5 -0.005 AU) is covered.
Without any artificial setting, four different components or zones appear naturally with the cloud evolution: (i) an infalling envelope that evolves into a circumstellar pseudodisc; (ii) an inner Keplerian disc; (iii) a low-velocity outflow; (iv) a high-velocity jet. A schematic diagram of the model structure is shown in Fig. 13 . The pseudo-disc is the inner regions of the infalling envelope and accretes onto the central proto-brown dwarf and the Keplerian disc that is embedded in it. It is a dynamically collapsing structure with little rotating motion (Sect. 1). The density, temperature, and velocity profiles for the CC model are shown in Fig. 14abc . The radial profiles are the azimuthal average along the line of sight. The sudden rise in the temperature for r <20 AU can be attributed to the presence of the high-velocity jet as well as some contribution from the stellar irradiation. Figure 15a shows that the CC model can provide a good fit to both the asymmetric peaks and the broad wings in the CO spectrum. The best-fit was obtained for a close to edgeon inclination of 60 • -70 • . The reduced-χ 2 value of the bestfit is 1.1. Figure 13d shows the radial profile of the CO abundance that provides the best-fit to the observed line profile. The abundance profile is basically the inverse of the density structure and shows severe depletion in the CO abundance towards the central densest regions of the proto-brown dwarf. The volume-averaged CO abundance relative to H 2 , [N(CO)/N(H 2 ], obtained from the CC line fit is (5±2)×10 −6 . Figure 15b shows a comparison of the CC model and the observed disc PVD. The observed position and velocity peaks are well-matched with those predicted by the model. In particular, the model can re-produce the velocity spread of ∼2 km s −1 seen in the observations. This velocity spread in the model is dependent on the evolutionary stage of the system. During the pre-stellar stage, the envelope is the dominant component and produces a small velocity spread of <0.5 km s −1 . As the system reaches the protostellar stage, there are, at least, three components of (rotation) disc, pseudo-disc, and infalling envelope. The infalling envelope and pseudo-disc are more massive than the Keplerian disc, and have different velocities, which creates a wide velocity spread of ∼2-4 km s −1 . As the brown dwarf system evolves, the infalling envelope and then the pseudo-disc gradually dissipate and their mass decreases, while the rotation disc grows in mass and size.
We checked for a match with the observed velocity offset using the CC simulation data at different evolutionary stages. From the best model fit to the PVD, we can constrain the age of the M1701117 system to be approximately 30,000- 40,000 yr. The proto-brown dwarf is therefore not as young as the dynamical age of the HH 1165 jet (∼2900 yr; Riaz et al. 2017 ), but has reached the protostellar phase (∼0.01-0.1 Myr; e.g., Evans et al. 2009 ). As already noted in Sect. 4.1, M1701117 is at an intermediate stage between Stage 0 and Stage I. As the CC simulations reach the ∼30,000-40,000 yr stage, the infalling envelope has flattened into the pseudodisc structure (Fig. 13) . The predicted radius of the pseudo-disc from the CC model is about ±50-100 AU. The total (dust+gas) mass encompassed within ∼200 AU considering the density in the range of 10 9 cm −3 < ρ < 10 12 cm −3 is predicted to be ∼23 M Jup , with a mass ratio M cir cum /M st ar ∼ 0.3. This circumstellar mass is dominated by the mass of the pseudo-disc. The physical dimension predicted by the CC model compares well with the spatial extent of about ±77-96 AU for the pseudo-disc structure seen in the disc PVD (Fig. 6) , and the predicted circumstellar mass and M cir cum /M st ar ratio are also consistent with that measured for the M1701117 sys- tem (Sect. 4.1). The predicted size for the inner Keplerian disc is <5 AU, which is nearly impossible to observationally resolve at the distance to M1701117. Note that the predicted sizes are approximate as it is difficult to clearly identify the boundary between the components, particularly between the inner rotation disc and the pseudo-disc, since each physical component evolves differently with cloud evolution. A comparison of the jet PVD with the CC model (Fig. 15c) shows a similar asymmetry in brightness as seen in the observed case, and can be explained by the close to edge-on inclination of the system that could result in partial obstruction of the blue-shifted outflow lobe. There is a good match between the CC model and observations for the brighter red-shifted lobe, whereas the blue lobe is shifted by ∼1 km s −1 and slightly towards the south-west than predicted by the model. The deflection in the blue lobe appears similar to that seen in the southern part of the HH 1165 jet close to the driving source (Riaz et al. 2017) , and is possibly caused by the wind-outflow collision (Sect. 5).
Disc Fragmentation
An alternative to a core collapse formation mechanism for brown dwarfs is considered to be the disc fragmentation model (hereafter, DF model), wherein the circumstellar disc around a massive star undergoes gravitational fragmentation resulting in the formation of very low-mass/sub-stellar proto-BD Figure 13 . Schematic view of the basic structure of circumstellar pseudo-disc, inner Keplerian disc, low-velocity outflow, and highvelocity jet from MHD simulations of brown dwarf formation via core collapse.
cores that are then ejected from the system due to dynamical interactions (Stamatellos & Whitworth 2009 ). We simulate a brown dwarf of 42 M Jup attended by a 20 M Jup disc. The simulations were performed using the Smoothed Particle Hydrodynamics code (SPH) Seren (Hubber et al. 2011ab ). The brown dwarf has formed by fragmentation in the disc of a solar-type star, followed by ejection. The details of the simulations are described in Stamatellos & Whitworth (2009) . The ejection in the DF simulations occurs at a stage of about 2-3 kyr and the evolution of the system is followed for another 2-3 kyr after ejection. We can therefore consider the ejected brown dwarf to be about the same age as the dynamical age of the HH 1165 jet.
The ejected brown dwarf possesses some circumstellar material in the form of a disc-like structure. This disc exhibits some asymmetries due to its violent dynamical history. This system has formed self-consistently within a larger-scale simulation of a fragmenting disc. The parameters of the system are the ones provided by the hydrodynamic simulation and have not been modified in any way to fit the observed object. It is difficult for a brown dwarf to sustain an infalling envelope when formed by disc fragmentation and subsequent ejection. The object may possess a thin envelope of a distorted shape, unlike a spherical or pseudodisc structure seen for the CC model. Since outflows/jets are powered by the release of the gravitational energy of the accreting matter, it is expected that these components are weak for brown dwarfs formed via fragmentation/ejection. Note that the central brown dwarf will continue to accrete from the circumstellar disc but the accretion rate is expected to be quite weak, similar to the Class II brown dwarf accretion rate of the order of 10 −10 M /yr. Figure 16 shows the density, temperature, and velocity profiles for the DF model structure at the end of the simulations. The density profile (Fig. 16a) shows the high density material to be concentrated within ∼40 AU and then a sudden drop by ∼3 orders of magnitude at larger radii. Most brown dwarfs formed via fragmentation/ejection are expected to possess truncated discs with radii of ≤40 AU, although a few may possess larger sized discs (Stamatellos 
& Whitworth 2009
). When this brown dwarf+disc system is identified in the DF simulations, we selected a volume within ∼100 AU around it that contains diffuse gas from the largerscale simulation (∼ 1 M Jup ) surrounding the ejected system. Most of this diffuse gas is concentrated near the disc midplane and exhibits a rotation at ∼ 2 km s −1 . Note that the density is still of the order of 10 9 cm −3 for r >40 AU, making the 12 CO (2-1) line with a critical density of 2×10 4 cm −3 easily detectable in the diffuse gas in outer disc regions.
The temperature profile (Fig. 16b) for an ejected brown dwarf shows comparatively warmer kinetic temperature of ∼20 K throughout the disc as compared to T kin ∼7 K seen in the CC model. This is likely due to the multiple dynamical interactions that result in a warmer disc. The rise in T kin for r <15 AU is due to an increasing contribution from the stellar irradiation. The velocity profile for the DF model (Fig. 16c) shows wiggles at around 60 AU and 100 AU. The diffuse gas at r >40 AU is loosely bound to the system, which can result in such asymmetries in the velocity structure. The asymmetries are also expected due to the dynamics of the ejection that results in producing velocity differences in different regions of the disc (e.g. same radius but different azimuthal angle), as well as a large velocity spread of ∼2-4 km s −1 in the outer regions of the disc. Figure 17a shows the DF model fit to the observed CO spectrum. The spectral fit is a good match to the peaks but shows deeper self-absorption at the source V LSR . The peaks are also narrower in the model than observed. Due to the absence of an outflow component, the extended wings in the observed spectrum cannot be reproduced by the model. The best-fit was obtained for an intermediate inclination of
∼50
• . The reduced-χ 2 value of the best-fit is 2.2. The abundance profile that provides the best-fit (Fig. 16d) clearly shows that any CO emission detected arises from the outer disc regions. The volume-averaged CO abundance relative to H 2 , [N(CO)/N(H 2 ], obtained from the DF line fit is (1±0.5)×10 −7 , about an order of magnitude lower than that derived from the CC model fit.
A comparison of the observed and DF modelled disc PVDs is shown in Fig. 17b . The brighter, red-shifted lobe in the observations overlaps with the bright elongated feature seen in the model, while the blue lobe is much weaker in the model and appears as diffuse emission than a lobe. The wide spread in the model velocity profile (Fig. 16c) is a good match to the observed velocity shift. As noted, the DF model is expected to show asymmetries in the disc structure rather than a Keplerian-like profile. This is seen in the form of another bright elongated feature in the model at about -1 km s −1 and +0.4 . The model PVD also shows a large halo devoid of gaseous material between ∼ -1 to 1 km s −1 and ±0.4 , which can explain the very low fluxes near the source V LSR in the model spectrum.
The DF model can re-produce the brightness asymmetry in the observations, but the shapes of the lobes are a poor fit. In Riaz et al. (2017) , we had speculated based on the very young dynamical age of the HH 1165 jet that the M1701117 system may have been formed via the fragmentation of the disc around the nearby (∼0.33 pc) massive B2IV-type star HR 1950, followed by ejection from the disc. While the asymmetries in the DF model cannot be modified or predicted, we have presented here just a single simulated case of a brown dwarf+disc formed via fragmentation/ejection. Modelling the observed PVD using a larger grid of DF simulations can provide a better understanding of how likely this formation scenario is for the M1701117 system.
Single and Circum-binary Keplerian Discs
If we assume pure Keplerian kinematics, then the observed velocity shift of ±2 km s −1 and a ∼77-96 AU disc radius for M1701117 would imply a central object mass of ∼0.35 M , about 10 times higher than the stellar mass estimated for M1701117. We have simulated such a system of a 0.35 M star surrounded by a 20 M Jup disc. It may also be the case that M1701117 is a binary system with a total central mass of 0.35 M surrounded by a circum-binary disc of 20 M Jup . In Riaz et al. (2017) , we had noted a deflection in the southern lobe of the HH 1165 jet close to the driving source, such that the PA of the southern part is at an offset from the northern part of the jet. A similar offset is seen in the southern blueshifted lobe of the CO outflow in the jet PVD (Fig. 6 ). This hints towards a possible mis-alignment between the disc rotation axis and the outflow axis, which could produce an off-axis shock. Such mis-alignments have been seen in cases where the central driving source is a binary and the circumbinary disc is mis-aligned with the outflow (e.g., IRS43; Brinch et al. 2016) . For M1701117, the near-infrared observations have a resolution of ∼0.1 (∼38 AU) and show no evidence of binarity. So this is likely a binary with a close (<38 AU) projected separation of the components.
We have therefore tested these two scenarios for the case of M1701117 system. We simulated a disc around a primary object (single or binary) and let the disc evolve self-consistently to an equilibrium state. The simulations were performed using the SPH code Seren (Hubber et al. 2011ab) . The simulations take into account the disc selfgravity (which is computed using an octal-tree, as it is standard for SPH simulations), and the disc thermodynamics (using the method of Stamatellos et al. 2007 ). Therefore, the rotational velocity of the disc is nearly Keplerian, i.e. and the eccentricity to 0 (these may evolve as a result of the interaction between the binary and the disc). Figure 18 shows the density, temperature, velocity profiles for these models, which are similar for the two cases. These discs expand with time and slowly accrete onto the central object. They are not embedded in a diffuse gas environment as the disc in the DF model. The central object(s) are represented by sink particles (Stamatellos et al. 2007) , with radius of 1AU; gas that is within the sink radius and bound to the sink is then accreted. The use of sinks is needed to avoid small time steps in the hydrodynamic simulation but one drawback is that sinks tend to accrete gas at a higher rate than expected creating an gap near the central object. This is seen in Fig. 18a where the density starts to drop at r < 18 AU. Therefore, the density near the central object may be underestimated in this case. In the run with the binary central object, the density starts to drop at r < 25 AU. However, this is realistic as the binary is expected to carve out a central gap in the disc (Artymowicz et al. 1994; Stamatellos et al. 2018) . The temperature closer to the central object(s) increases due to the heating by the stellar irradiation (Fig. 18b) . The velocities reach ≥2 km s −1 in the outer disc regions for both models (Fig. 18c) . Figure 19a shows the model fits to the observed CO spectrum. None of the models can re-produce the selfabsorption at the source V LSR seen in the spectrum. This is due to the high CO abundance produced by the models in the inner disc regions r < 20 AU (Fig. 18d) . The combina- Overplotted is the observed CO disc PVD in black contours. The contour levels are the same as in Fig. 6 . Both SK350MJ and CB models show the same structure in the disc PVD.
tion of a sudden rise in the kinetic temperature and a drop in the density for r < 20 AU (Fig. 18ab ) results in a rise in the CO abundance close to the central object(s), suggesting thermal desorption of the icy mantles and an increase the gas-phase CO abundance. An outflow component is not included in any of these models. Since the molecular outflow for M1701117 is unresolved, the effect is mainly seen in the extended wings of the spectrum and cannot be fit well by any of these models as compared to the CC model. The best-fits were obtained for an intermediate inclination of
The reduced-χ 2 value of the best-fit is 2.3-2.5. A comparison of the observed disc PVD with these models (Fig. 19b) shows an offset between the model and observations in both the red-and blue-shifted peaks, more notably for the blue one. The CO emission peaks in the models are at a smaller velocity offset at a given position than observed. The model PVD also shows a brightness gradient with a brighter blue lobe than the red-shifted one, which is possibly an inclination effect. Note that both SK350MJ and CB models show the same structure in the PVDs.
These models of isolated discs are meant to replicate the physical properties of the star+disc system in the present epoch. The poor model fits in Fig. 19 show that the structure of a 20 M Jup disc around a 0.35 M single/binary star is inconsistent with the observed properties for the M1701117 system. The mismatch seen between the observed morphology and these models suggests that the input physical structure would require more components (envelope/outflow/jet) for a good match, in particular, the mismatch in the velocity structure in the PVDs (Fig. 19b) is likely due to the absence of an infalling envelope. The density structure for these models is also notably different than the CC model. While it is difficult to determine which particular physical parameter causes the offset between the model and observed cases, the poor quality of these fits compared to the much refined CC model fit provide the justification that a purely Keplerian disc model cannot re-produce the observed morphology. Based on this, we can conclude that using Keplerian kinematics to infer the mass of the central object would be incorrect. Future high-resolution (<0.1 ) observations can provide a better insight into the binarity scenario for M1701117.
DISCUSSION
We have shown that the CC model that encompasses multiple components of an infalling envelope (in the shape of a pseudo-disc), an inner Keplerian disc, and a jet/outflow can provide a good fit to both the observed spectrum and the disc PVD for M1701117. The flattened envelope is infalling with rotation or spiralling onto the central protobrown dwarf, and can be identified as a pseudo-disc in the CC simulations of brown dwarf formation. M1701117 is in transition from Stage 0 to Stage I, which is consistent with the finding of a pseudo-disc structure, intermediate between an infalling envelope and a Keplerian disc. A comparison of the volume averaged H 2 column density derived from CC modelling of the CO line (4.2×10 22 cm −2 ) with that derived from the 1.37 mm dust continuum emission (4.1×10 22 cm −2 ) indicates that only ∼2% of the CO is depleted from the gas phase. This is unlike the high CO depletion fractions of ∼50-80% seen in Class 0/I proto-brown dwarfs (Riaz et al. 2019) , and could be due to the interaction of the jet with the inner dense envelope in the M1701117 system that can liberate CO molecules frozen onto the dust grains.
The bulk of the CO emission likely arises from the outer regions of the pseudo-disc, as suggested by the CC model integrated intensity map produced from the best fit to the observed CO spectrum (Fig. 20) . Note that this is the unconvolved map and thus shows details of physical components smaller than the angular resolution of the observations. The peak CO emission, as predicted by the model, arises from the outer edges of the pseudo-disc (labelled 'PD'), with a contribution from the inner envelope (labelled 'IE') region (Fig. 20) . The outer edge of the pseudo-disc, or the centrifugal radius, is where material from the collapsing envelope falls onto the disc. The region along the jet axis or perpendicular to the disc axis is nearly devoid of any molecular material and appears as a wide vertical cavity, except for a few shock emission knots or clumps formed due to the interaction of the jet with the inner envelope material. The model also predicts that CO is depleted only in the Keperian disc (labelled 'KD'), which is the innermost (<0.05 ) densest (>10 12 cm −3 ) region embedded in the pseudo-disc (Fig. 20) . This is consistent with the fact that only about 2% of CO appears to be frozen onto dust grains, as determined by comparing the dust and gas H 2 column densities. Recently, there have been attempts made to estimate the gas mass independently from the dust mass by comparing the line luminosities of CO and its isotopologues with model grids (e.g., Ansdell et al. 2016; William & Best 2014) . For M1701117, the best model fit to the observed CO line comes from the core collapse model. In these simulations, the dust-to-gas ratio is fixed to 0.01, and it does not appear explicitly at different stages in the simulations. Therefore, it is difficult to determine if the ratio increases or decreases with the cloud evolution. Even though we have a good constraint now on the stage of the M1701117 system (∼30,000-40,000 yr), we cannot reliably obtain an independent estimate on the gas mass from the model fit as that measurement implicitly assumes a gas to dust ratio of 100. We can speculate that if the dust size increases and the gas dissipates by outflow with time, then the dust-to-gas ratio would increase with time. Due to these uncertainties, we are unable to obtain an independent estimate on the gas mass derived from the CC model fit.
The deconvolved size of the pseudo-disc measured from the dust continuum image is 0.43±0.02 or 165±7 AU. In comparison, the size measured from the CO line image is 0.5±0.05 or 192±19 AU. The gas emission is therefore spread over a comparatively larger spatial scale than dust emission. Similar larger gas sizes compared to the dust sizes have been reported for discs around T Tauri and Herbig Ae/Be stars (e.g., Matthews et al. 2016; van der Marel 2016; Carney et al. 2018) , and can be explained by the effects of photo-desorption due to UV radiation field (either internal or external) that can release the CO frozen onto dust grains into the gas phase, thus extending the line emission to larger spatial extents.
There is blue-shifted (∼ -3 km s −1 ) emission detected along the disc axis in H 2 CO and N 2 D + but at a different position offset. H 2 CO peaks at the source location (Fig. 8) . M1701117 does not show emission in ortho-H 2 CO but in para-H 2 CO, suggesting an ortho-to-para ratio of <1. This is indicative of H 2 CO formation on the surface of cold dust grains via ice surface reactions undergoing successive hydrogenation, and will result in enhanced H 2 CO abundance where CO abundance is low (e.g., Kahane et al. 1984; Riaz et al. 2019) . As shown through CC modelling, the CO abundance is lowest in the innermost, densest Keplerian disc region ( Figs. 14d; 20) , suggesting that H 2 CO emission likely probes the inner Keplerian disc where CO is expected to be frozen.
In comparison, N 2 D + shows a slightly larger position offset (-0.36 ) than seen for the blue-shifted lobe in the CO disc PVD, suggesting an origin from the outer regions in the pseudo-disc. N 2 D + and H 2 CO are both high-density tracers; the critical density of N 2 D + (3-2) is 2.9×10 6 cm −3 , and of para-H 2 CO (3-2) is 9.7×10 5 cm −3 . This is 1-2 orders of magnitude higher than CO (2×10 4 cm −3 ). The large position offset for N 2 D + suggests that the emission in this line perhaps arises from a high-density clump being formed in the outer edges of the pseudo-disc. We adopted a spherical structure as the initial state in the CC model. However, initially distorted structure or turbulence may be possible to form N 2 D + enhanced clump at the outer edge of the pseudo-disc. High-resolution imaging can provide some insight into the possible presence of a proto-planet in the making in the M1701117 pseudo-disc. It is also peculiar to see only blue-shifted emission in these lines, which is perhaps related to the CO brightness asymmetry; CO shows comparatively weaker emission in the blue lobe than the red one (Sect. 3.3.1). N 2 D + and H 2 CO are known to peak in region where CO is relatively depleted in proto-brown dwarfs (Riaz et al. 2019a,b) . Note that the H 2 CO and N 2 D + detection is quite weak (∼2-3σ) in M1701117, therefore we can only speculate about the possible causes of the detection in these molecular lines.
We do not see symmetric strength and shape of the blue-and red-shifted lobes in the CO line PVD along the disc axis (Fig. 6) . We have explored the scenario if formation via fragmentation/ejection could produce the asymmetries in the pseudo-disc. Disks formed around ejected proto-brown dwarf embryos in the DF model tend to be asymmetric and distorted. This model can loosely re-produce the observed brightness asymmetry arising from the diffuse gas surrounding the proto-brown dwarf, but cannot provide a good fit to the shape of the lobes in the PVD. Note that the volumeaveraged CO abundance derived from the DF model fit is an order of magnitude lower than that derived from the CC model fit, suggesting a possible difference in the molecular abundances between the two formation mechanisms. The CC model is a simulation devoted to the formation of a single brown dwarf whereas in the DF model the brown dwarf/disc system has formed due to gravitational instabilities in the disc around a solar-like star; therefore in the DF model a larger system is initially modelled, so that the resolution of the presented brown dwarf/disc system is not as high as in the CC model. Moreover the DF model does not include the effects of magnetic fields which lead to the formation of jets/outflows. Further DF models need to be developed that can simulate the range in disc asymmetries and re-produce high velocity shifts in disks around brown dwarfs. Also needed are models that include the outflow contribution and how that affects the fragmentation/ejected scenario. This can provide a better understanding of the differences in the chemistry of the brown dwarfs formed via these mechanisms.
The asymmetry in brightness and morphology between the blue-and red-shifted lobes observed in the CO disc PVD (Fig. 6) could be due to external irradiation effects or windoutflow collision. M1701117 is located in an irradiated environment, the main source of which is the B2 type star HR 1950 that lies ∼0.33 pc away. The HH 1165 jet shows a curved structure aligned in a way that places the southern part of the jet closer to HR 1950 while the northern part is diverted away from it (Riaz et al. 2017 ). The Lyman continuum and He I continuum photon emission rate from a B2 star is estimated to be approximately 10 47 photons/s (e.g., Sternberg et al. 2003) . The weaker outflow emission in the blue-shifted, south-east lobe in the CO jet PVD (Fig. 6) is consistent with the faint detection in the optical [SII] λ6731 A emission seen towards the south-east part of the HH 1165 jet (Riaz et al. 2017) , and can be attributed to the higher extent of photo-evaporation effect due to the proximity with BR 1950. We also see an offset along the jet axis between the position, velocity of the southern, blue-shifted lobe and the CC model (Fig. 15b) . A similar offset was seen close to the driving source in the southern part of the HH 1165 jet (Riaz et al. 2017) , which could also be due to a deflection caused by the wind-outflow collision. Stellar winds from HR 1950 collide with the outflow and produce the observed jet/outflow deflection.
The best observable diagnostic of the external effects of irradiation from a nearby massive star is the circumstellar mass. In a sub-millimeter (856 µm) continuum survey of T Tauri stars in the Orion Nebula Cluster, a general trend is seen of a decline in the disc masses with decreasing projected distance from the massive star θ 1 Ori C (Mann et al. 2014 ). The closer the T Tauri star to θ 1 Ori C, the lower the disc mass due to the stronger effect of photo-evaporation. The trend is more notable for objects within ∼0.05 pc of θ 1 Ori C that have disc masses of ≤3 M Jup , while objects that are >0.5 pc from the massive star have disc masses of ∼10-100 M Jup . For the case of M1701117 that lies ∼0.33 pc from HR 1950, the effects of photo-evaporation that may have significantly dissipated the circumstellar mass appear negligible. Nevertheless, the fact that molecular line emission in only detected at or very close (<100 AU) to the M1701117 source position, and none of the HH 1165 shock emission knots show any molecular line emission indicates that this region is mostly devoid of gaseous material.
SUMMARY
We have analyzed the ALMA 12 CO (2-1) line and 1.37 mm continuum observations at an angular resolution of ∼0.4 for the proto-brown dwarf Mayrit 1701117, the driving source of the large-scale HH 1165 jet. The morphology seen in the CO disc PVD is suggestive of an origin from a pseudo-disc structure around the central proto-brown dwarf. It is peculiar to see a high velocity shift of ±2 km s −1 , which for a pure Keplerian disc of ∼100 AU radius would imply a central object mass that is ∼10 times higher than the stellar mass estimated for M1701117. However, using a disc-only model for a 0.35 M single or binary object(s) where the rotational velocity of the disc is pure Keplerian is a poor fit to both the observed CO spectrum and the disc PVD for M1701117. It would therefore be incorrect to infer on the mass of the central object by assuming a disc-only structure. On the other hand, the CC simulations can explain the observed large velocity spread of ±2 km s −1 in the outer pseudo-disc regions due to the combined emission from various components (infalling envelope, pseudo-disc, inner Keplerian disc, outflow) of the system. Future high angular resolution observations with ALMA can help distinguish between the inner Keplerian disc and the outer pseudo-disc regions, and provide a better insight into the contribution from the individual components.
